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Networks 



Logic: how it forms 
 
Structure: measures 
 
Function: what it does 



Structure 





Nodes 
 
Edges: directed or 

undirected 
 
. 



Undirected 

Nodes: 50 United States 
 
Edges: Adjacencies (two 

states connected by an 
edge if they share a 
border) 



Directed 

Nodes: Students 
 
Edges: If one person looks 

to other for fashion 
advice 



Structure 

Degree 
Path Length 
Connectedness 
Clustering Coefficient 



Degree (node): number of 
edges attached to a node 

 
 



Degree (network): average 
degree of all nodes 

 





Average	  Degree	  =	  2	  x	  Edges/Nodes	  
	  
10	  nodes,	  9	  edges,	  	  Average	  degree	  =	  1.8	  	  



Neighbors of a node: all 
other nodes connected by 
an edge to the node 



Theorem:  The average 
degree of neighbors of 
nodes will be at least as 
large as the average 
degree of the network. 

 
 
 



Theorem:  The average 
degree of neighbors of 
nodes will be at least as 
large as the average 
degree of the network. 

 
Most people’s friends are 

more popular than they 
are!! 
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C	   D	  

	  	  A	  



B	  

C	   D	  

A:	  2	  friends.	  	  B	  (3)	  and	  C(2),	  AVG	  =	  2.5	  
B:	  3	  friends.	  	  A	  (2),	  C(2),	  D(1):	  	  AVG	  =	  1.666	  
C:	  2	  friends:	  	  A	  (2)	  and	  B(3),	  AVG	  =	  2.	  
D:	  1	  friend.	  	  	  	  B	  (3)	  AVG	  =	  3	  
	  
Total:	  2.5	  +	  1.666	  +	  2	  +	  3	  =	  9.1666	  
Average	  =	  2.29	  
	  

	  	  A	  

A:	  2	  friends	  
B:	  3	  friends	  	  
C:	  2	  friends.	  	  
D:	  1	  friends.	  	  	  
	  
Average	  =	  2	  
	  



Path length A to B: minimal 
number of edges that must 
be traversed to go from 
node A to node B. 





Average Path Length: 
Average path length 
between all pairs of nodes 
in a network. 



B	  

C	   D	  

	  	  A	  



Connectedness: A graph is 
connected if you can get 
from any node to any other. 







Markov Process 
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Clustering Coefficient:  
Percentage of triples of 
nodes that have edges 
between all three nodes. 













Draw two connected 
graphs each with 6 
nodes and 6 edges 
with different 
clustering 
coefficients. 

 
 



Graph 1 



Graph 2 



Structure 

Degree 
Path Length 
Connectedness 
Clustering Coefficient 



Degree 

Density of connections 
 
Social Capital 
 
Speed of Diffusion 



Path Length 

# Flights Needed 
 
Social Distance 
 
Likelihood of information 
spreading 



Connectedness 

Markov Process 
 
Terrorist Group Capabilities 
 
Internet/Power Failure 
 
Information Isolation 



Clustering Coefficient 

•  Redundancy/Robustness 
•  Reinforce (new words/styles) 
•  Social Capital 



Clustering Coefficient 

Redundancy/Robustness 
 
Social Capital 
 
Innovation adoption 
(triangles) 



Picture = 1000 Words 



US States: Adjacency 
 
Universities: Football 

Games 
 
Airline: Flights 



     Degree     Path 
Graph 1:   10.8   4.1    
 
Graph 2:     8.6   6.1 
 
Graph 3:    10.1   4.0 



Graph	  1	  



Graph	  2	  



Graph	  3	  
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